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(57) ABSTRACT

A support-side substrate having a thermal oxide film on the
major surface i1s bonded to an active-layer-side substrate
having a thermal oxide film on the major surface while
making the major surfaces oppose each other. The active-
layer-side substrate and part of the oxide film are selectively
etched from a surface opposite to the major surface of the
active-layer-side substrate to a halfway depth of the buried
oxide film formed from the thermal oxide films at the
bonding portion. A sidewall msulating film 1s formed on the
cetching side surface portion of the active-layer-side sub-
strate. Then, the remaining buried oxide film except that
immediately under the active-layer-side substrate 1s selec-
tively etched. A single-crystal semiconductor layer 1s formed
on the support-side substrate exposed by removing the
buried oxide film.
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ELEMENT FORMATION SUBSTRATE FOR
FORMING SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of

priority from the prior Japanese Patent Application No.
2003-12197, filed on Jan. 21, 2003, the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an element formation
substrate having an SOI (Silicon On Insulator) region and a
non-SOI region on the major surface side and a method of
manufacturing the same. The present invention also relates
to a semiconductor device using the element formation
substrate.

2. Description of the Related Art

In recent years, an SOI substrate having an SOI layer
formed on an Si1 substrate 1s used as an element formation
substrate. In addition, various methods (so-called partial SOI
technologies) of forming a non-SOI region other than an
SOI region on part of an SOI substrate, forming a circuit
section compatible with a substrate floating effect 1n the SOI
region, and forming a circuit section incompatible with the
substrate floating eflect 1n the non-SOI region have been
proposed.

For example, the SOI layer and buried insulating layer
(BOX layer) on an SOI substrate are partially removed by
etching. A silicon layer 1s epitaxially grown 1n the etching
region and planarized by polishing, thereby forming a non-
SOI region (e.g., Jpn. Pat. Appln. KOKAI Publication No.
8-17694). Alternatively, a bulk region 1s surrounded by an
insulating spacer and conductive spacer to form a non-SOI
region whereby the floating body eflect 1s canceled and the
SOI region 1s electrically disconnected from the non-SOI
region (e.g., Jpn. Pat. Appln. KOKAI Publication No.
11-17001).

In either method, however, no detailed description 1s done
in association with the structure of the SOI substrate used as
a base and the structure of the BOX layer in the SOI region.
For example, when an SOI substrate prepared by the bond-
ing method 1s used as a base, 1ts bonding interface 1s exposed
as a support substrate surface by partially removing the SOI
layer and BOX layer. Hence, undesired foreign substances
that are iserted 1in the bonding process may sometimes
remain on the support substrate surface. I foreign sub-
stances remain on the support substrate surface, 1t 1s diflicult
to form a high-quality non-SOI region. In addition, if the
support substrate surface has metal contamination, it 1s
difficult to control 1ts intluence on a semiconductor device
when a non-SOI region 1s to be formed, or a semiconductor
device 1s to be formed in the non-SOI region.

As described above, 1n the conventional element forma-
tion substrate prepared by forming a non-SOI region on an
SOI substrate, the poor quality of the non-SOI region poses
a problem.

BRIEF SUMMARY OF THE INVENTION

According to an aspect of the present invention, there 1s
provided an element formation substrate comprising:

a first single-crystal semiconductor substrate having a
major surface;

a second single-crystal semiconductor substrate bonded to
part of the major surface of the first single-crystal semicon-
ductor substrate via an oxide film;
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2

a sidewall 1insulating film formed on a side surface of the
second single-crystal semiconductor substrate; and

a single-crystal semiconductor layer formed on a remain-
ing portion of the major surface of the first single-crystal
semiconductor substrate.

According to an aspect of the present invention, there 1s
provided a method of manufacturing an element formation
substrate, comprising;:

bonding a first single-crystal semiconductor substrate
having a first oxide film on a major surface to a second
single-crystal semiconductor substrate having a second
oxide film on a major surface via the first and second oxide
films while making the major surfaces oppose each other;

selectively etching the second single-crystal semiconduc-
tor substrate and part of a buried oxide film formed from the
first and second oxide films from a surface opposite to the
major surface of the second single-crystal semiconductor
substrate to a haltway depth of the buried oxide film;

forming a sidewall insulating film on an etching side
surface of the second single-crystal semiconductor sub-

strate;

selectively etching the remaiming buried oxide film except

that immediately under the second single-crystal semicon-
ductor substrate; and

forming a single-crystal semiconductor layer on the first
single-crystal semiconductor substrate exposed by removing,
the buried oxide film.

According to an aspect of the present invention, there 1s
provided a semiconductor device comprising:

a first single-crystal semiconductor substrate having a
major surface;

a second single-crystal semiconductor substrate bonded to
part ol a major surface of the first single-crystal semicon-
ductor substrate via an oxide film;

a sidewall msulating film formed on a side surface of the
second single-crystal semiconductor substrate;

a single-crystal semiconductor layer formed on a remain-
ing portion of the major surface of the first single-crystal
semiconductor substrate:

a first device which 1s formed on a side of the second
single-crystal semiconductor substrate and 1s compatible
with a substrate floating eflect; and

a second device which 1s formed on a side of the single-
crystal semiconductor layer and i1s mcompatible with the
substrate floating eflect.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

FIGS. 1A to 1] are sectional views showing the first half
of steps 1n manufacturing an e¢lement formation substrate
according to the first embodiment;

FIGS. 2A to 2E are sectional views showing steps in
manufacturing an element formation substrate according to
the second embodiment;

FIGS. 3A and 3B are sectional views showing steps in

manufacturing an element formation substrate according to
the third embodiment;

FIGS. 4A to 4E are sectional views showing steps in
manufacturing an element formation substrate according to

the fourth embodiment;

FIG. 5 1s a sectional view showing the structure of an
clement formation substrate according to the fifth embodi-
ment,

FIG. 6 1s a graph showing the breakdown voltage char-
acteristics of the oxide films in the embodiments;

FIG. 7 1s a graph showing junction leakage characteristics
in the embodiments; and
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FIG. 8 1s a sectional view showing the structure of a
semiconductor device manufactured using the element for-
mation substrate according to the first embodiment.

DETAILED DESCRIPTION OF TH.
INVENTION

L1l

The embodiments of the present ivention will be
described below with reference to the accompanying draw-
ng.

First Embodiment

FIGS. 1A to 1] are sectional views showing steps in
manufacturing an element formation substrate according to
the first embodiment.

First, as shown i FIG. 1A, a silicon oxide film (510,) 111
having a thickness o1 0.1 um or less 1s formed on the surface
of a support-side substrate (first semiconductor substrate)
110 made of a single-crystal S1 water by, e.g., thermal
oxidation. In a similar way, a silicon oxide film ($10,) 121
having a thickness of 0.1 um or less 1s formed on the surface
ol an active-layer-side substrate (second semiconductor sub-
strate) 120 made of a single-crystal S1 water by, e.g., thermal
oxidation. Reference numeral 130 mn FIG. 1A denotes a
small foreign substance (dust) sticking to the bonding inter-
face 1n the substrate bonding process.

As shown 1n FIG. 1B, the major surtaces of the substrates
110 and 120 are brought into tight contact with each other,
thereby bonding the silicon oxide films 111 and 121 at room
temperature. At this time, no substances other than the
silicon oxide that form the silicon oxide films 111 and 121
are inserted to the bonding interface. However, undesirable
foreign substances 130 may be mserted to the bonding
interface. After that, bonding annealing 1s performed at
about 1,100° C. to firmly bond the substrates 110 and 120.
Subsequently, the active-layer-side substrate 120 1s thinned
by polishing or etching. With this process, the active-layer-

side substrate 120 becomes an SOI layer, and the silicon
oxide films 111 and 121 become a BOX layer.

As shown 1n FIG. 1C, a silicon oxide film (510,) 141

having a thickness of about 0.05 um i1s formed on the
active-layer-side substrate 120 by, e.g., thermal oxidation. A
silicon nitride film (SiN) 142 having a thickness of about 0.2
um 1s formed on the silicon oxide film 141.

As shown 1n FIG. 1D, a resist mask 143 1s formed on the
silicon nitride film 142. The silicon nitride film 142 and
silicon oxide film 141 are selectively etched using the resist
mask 143. Then, the resist mask 143 1s removed.

As shown 1n FIG. 1E, part of the active-layer-side sub-
strate 120 and part of the silicon oxide films 121 and 111 are
removed using the silicon nitride film 142 as a mask. More
specifically, the active-layer-side substrate 120 1s selectively
ctched by down tlow (chemical-dry) etching. Subsequently,
the silicon oxide films 121 and 111 are selectively etched to
the position where the bonding interface 1s included, 1.e., to
the haltway position of the silicon oxide film 111. In this
process, the etching rate of the bonding interface 1s higher
than that of a normal oxide film. Hence, a recess 150 1s
formed 1n the BOX layer in the lateral direction.

Incidentally, when doing the part of active-layer-side-
substrate 120 in the etching, 1t may use RIE (Reactive Ion
Etching) instead of down flow etching. Moreover, when
doing silicon oxide film 111 1n the etching to the haltway
position, 1t may use a solution etching instead of down flow
ctching.

As shown i FIG. 1F, a sidewall imsulating film 145
having a thickness of about 0.1 um 1s formed on the side
surface portion of the active-layer-side substrate 120. More
specifically, a very thin thermal oxide film (not shown) 1s
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4

formed on the entire surface (the upper surfaces of the
silicon nitride film 142 and silicon oxide film 111 and the
ctching side surfaces of the silicon nitride film 142, silicon
oxide film 141, active-layer-side substrate 120, and silicon
oxide films 121 and 111). The silicon nitride film 145 1s
formed on the thermal oxide film. After that, the entire
surface 1s etched by RIE (Reactive Ion Etching) to leave the
silicon nitride film 143 only on the sidewall portion of the
active-layer-side substrate 120. With this process, the inner
surface of the recess 150 1n the BOX layer formed in the
preceding process 1s also covered with the silicon nitride
film 14S5.

As shown 1n FIG. 1G, the silicon oxide film 111 except
that immediately under the active-layer-side substrate 120 1s
removed. The buried oxide layer 1s removed using general
hydrofluoric-acid-based solution etching. The surface of the
support-side substrate 110, which 1s exposed 1n this process,
1s not the bonding interface. For this reason, even when the
undesirable foreign substances 130 are inserted into the
bonding interface in bonding the active-layer-side substrate
120 to the support-side substrate 110, the exposed surface of
the support-side substrate 110 has no foreign substances 130
remaining there. That 1s, the surface 1s clean. Hence, a
high-quality single-crystal S1 layer can be formed on the
exposed surface of the support-side substrate 110 1n the
subsequent processes. In addition, since the silicon oxide
film 111 1s removed by wet etching, the exposed surface of
the support-side substrate 110 1s not damaged by etching.

As shown in FIG. 1H, an amorphous S1 layer 146 1is
formed on the entire surface. More specifically, to remove
the natural oxide film on the surface of the support-side
substrate 110, hydrogen cleaming 1s performed 1n a hydrogen
atmosphere at 1,000° C. and 400 Pa for 3 min. Next, SiH_
gas 1s supplied onto the sample having the structure shown
in FIG. 1G to uniformly form the amorphous S1 layer 146
having a thickness of about 0.3 um at a temperature of 500°
C.

As shown 1n FIG. 11, to crystallize the amorphous S1 layer
146, crystallization annealing 1s performed in a hydrogen
atmosphere (hydrogen flow rate: 10 L/min) at 600° C. and
25 Pa. In this process, the amorphous S1 layer 146 on the
support-side substrate 110 changes to a single-crystal Si1
layer 147. The amorphous Si1 layer 146 on the silicon nitride
film 142 changes to a polysilicon layer 148.

If the clean support-side substrate surface 1s not exposed
in the process shown i FIG. 1G, crystallization does not
normally progress, and no high-quality single-crystal Si
layer can be formed on the support-side substrate surface. In
this embodiment, since the clean support-side substrate
surface 1s exposed, crystallization normally progresses. In
addition, on the support-side substrate 110, since crystalli-
zation progresses on the basis of a single seed, a high-quality
single-crystal S1 layer can be formed.

The speed of signal crystal formation by the above
crystallization annealing 1s about 0.6 nm/sec. When the
process time 1s set to 500 sec, a 0.3-um thick single-crystal
layer can be formed. Hence, the silicon layer at the boundary
between the portion on the support-side substrate 110 and
that on the silicon nitride film 142 can be kept in the
polycrystalline state. In addition, the silicon in the recess
150 of the silicon oxide films 111 and 121 1s surrounded by
the silicon nitride film 145. Hence, the silicon hardly
changes to a crystal and remains in the polycrystalline state.

As shown in FIG. 1], the polysilicon layer 148 on the
silicon nitride film 142 1s removed by polishing or etching
using a solution mixture of hydrofluoric acid and nitric acid.
The etching selectivity ratio of single-crystal S1 and poly-
silicon to the solution mixture i1s suthiciently high. For this
reason, only the polysilicon can be removed even by solu-
tion etching. Subsequently, after the silicon nitride film 142
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and silicon oxide film 141 are removed, a new thermal oxide
film (S10,) 149 1s formed on the surface of the active-layer-
side substrate 120 and the surface of the single-crystal Si
layer 147.

With the above process, an element formation substrate
having both an SOI region and a high-quality non-SOI
region can be manufactured.

As described above, according to this embodiment, when
an SOI substrate 1s to be formed by bonding substrates, the
s1licon oxide films 111 and 121 are formed on the surface of
the two substrates 110 and 120. With this structure, even
when foreign substances 130 are inserted at the time of
bonding, the foreign substances can kept inserted between
the silicon oxide films 111 and 121. No foreign substances
stick to the surface of the support-side substrate 110. Hence,
the surface of the support-side substrate 110 can be kept
clean. In the process shown in FIG. 1@, the clean surface of
the support-side substrate 110 can be exposed. For this
reason, subsequent deposition and single-crystal formation
of amorphous Si1 can be satisfactorily executed, so a high-
quality non-SOI region can be formed.

That 1s, an element formation substrate which makes 1t
possible to form high-quality non-SOI region on an SOI
substrate and 1s suitable for integrating a logic circuit,
DRAM, and the like on a single semiconductor chip can be
implemented. When a logic element, DRAM, and the like
are 1ntegrated on the same chip using this substrate, a
high-performance semiconductor device can be imple-
mented.

When the substrate 120 and silicon oxide films 121 and
111 are selectively etched using solution etching or down
flow etching, the recess 150 can be formed 1n the side
surfaces of the silicon oxide films 121 and 111. The recess
150 functions as a gettering site. For this reason, even when
the non-SOI region has metal contamination, polysilicon in
the recess 150 can getter the metal contamination. Hence,
any adverse aflect on the semiconductor device formed 1n
the non-SOI region can be suppressed.

The thickness of each of the silicon oxide films 111 and
121 formed on the surfaces of the substrates 110 and 120
before bonding the substrates 1s preferably 0.1 um or less.
The total thickness 1s preferably 0.2 um or less. If the silicon
oxide films 111 and 121 become thicker, heat generated
when the device formed on the SOI layer operates cannot be
radiated. That 1s, 1t becomes diflicult to suppress seli-
heating. Furthermore, since stress acts on the SOI layer, the
carrier mobility degrades.

Second Embodiment

FIGS. 2A to 2E are sectional views showing steps in
manufacturing an element formation substrate according to
the second embodiment. Reference numerals 210 to 249 in
FIGS. 2A to 2E correspond to reference numerals 110 to 149
in FIGS. 1A to 11.

The second embodiment 1s different from the above-
described first embodiment 1n that the buried oxide layer 1s
ctched to a position where the bonding interface 1s not
included.

After the process shown in FIG. 1D, part of an active-
layer-side substrate 220 and part of a silicon oxide film 221
are removed using a silicon nitride film 242 as a mask, as
shown 1 FIG. 2A. More specifically, the active-layer-side
substrate 220 1s selectively etched by down tlow (chemical-
dry) etching. Subsequently, the silicon oxide film 221 1s
ctched to a position where the bonding interface 1s not
included, 1.e., to a haltway position of the silicon oxide film
221.

As shown 1n FIG. 2B, a sidewall protective film 245 1s
tformed on the side surface portion of the active-layer-side
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substrate 220. The sidewall insulating film 245 1s a silicon
nitride film. The method of forming 1t 1s the same as in the
first embodiment.

As shown 1n FIG. 2C, the silicon oxide films 221 and 211
except those immediately under the active-layer-side sub-
strate 220 are removed. The burnied oxide layers are removed
using general hydrofluoric-acid-based solution etching. In
this process, the etching rate of the bonding interface 1s
higher than that of a normal oxide film. Hence, a recess 2350
1s formed 1n the BOX layer in the lateral direction.

The surface of a support-side substrate 210, which 1s
exposed 1n this process, 1s not the bonding interface. For this
reason, even when undesirable foreign substances 230 are
inserted into the bonding interface 1 bonding the active-
layer-side substrate 220 to the support-side substrate 210,
the exposed surface of the support-side substrate 110 has no
foreign substances 230 remaining. That is, the surface is
clean. Hence, a high-quality single-crystal Si layer can be
formed on the exposed surface of the support-side substrate
110 1n the subsequent processes. In addition, since the
s1licon oxide films 212 and 211 are removed by wet etching,
the exposed surface of the support-side substrate 210 1s not
damaged by etching.

As shown 1 FIG. 2D, an amorphous Si layer 246 is
formed on the entire surface. The method of forming the
amorphous S1 layer 246 1s the same as 1n the first embodi-
ment.

Subsequently, as 1n the first embodiment, crystallization
annealing 1s performed to crystallize the amorphous Si layer
246. Next, silicon on a silicon nitride film 245 1s removed.
After the silicon nitride film 245 and silicon oxide film 241
are removed, a new thermal oxide film 249 i1s formed to
obtain the structure shown in FIG. 2E.

With the above process, an element formation substrate
having both an SOI region and a high-quality non-SOI
region can be manufactured. The final structure 1s the same
as 1n the first embodiment except that the silicon nitride film
245 15 not present 1n the recess 250 on the side surfaces of
the silicon oxide films 211 and 212. For this reason, the same
ellect as 1n the first embodiment can be obtained.

Third Embodiment

FIGS. 3A and 3B are sectional views showing steps in
manufacturing an element formation substrate according to
the third embodiment. Reference numerals 310 to 349 n
FIGS. 3A and 3B correspond to reference numerals 110 to

149 1n FIGS. 1A to 11.

The third embodiment 1s different from the above-de-
scribed first embodiment in that Si layers in the process
shown m FIGS. 1H and 1I are formed by the selective
epitaxial method.

After the process shown 1 FIG. 1G, a single-crystal Si
layer 347 1s selectively epitaxially grown on the exposed
surface of a support-side substrate 310, as shown in FIG. 3A.
More specifically, the single-crystal S1 layer 347 1s epitaxi-
ally grown only on the surface of the support-side substrate
310 by selective epitaxial growth using dichlorosilane and
hydrochloric acid without growing the S1 layer on a silicon
nitride film 342. In this case, the portion where the poly-
silicon layer 1s buried 1n the first and second embodiments
forms a cavity 350. The cavity portion 350 also functions as
a gettering site. In addition, since no polysilicon layer 1s
formed on the silicon nitride film 342, the process of
removing the polysilicon layer can be omitted.

As shown 1n FIG. 3B, after the silicon nitride films 342
and 345 and silicon oxide film 341 on an active-layer-side
substrate 320 are removed, a new thermal oxide film 349 is
formed. With the above process, an element formation
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substrate having both an SOI region and a high-quality
non-SOI region can be manufactured.

Fourth Embodiment

FIGS. 4A to 4E are sectional views showing steps in
manufacturing an element formation substrate according to
the fourth embodiment. Reference numerals 410 to 449 in
FIGS. 4A to 4E correspond to reference numerals 110 to 149

in FIGS. 1A to 11.

The fourth embodiment i1s different from the above-
described first embodiment 1n that bonding annealing for
substrate bonding 1s performed at a higher temperature.

In the process shown in FIG. 1B, bonding annealing 1s
performed not at 1,100° C. but at a higher temperature,
1,200° C. This increases the bonding strength between
s1licon oxide films 411 and 421 and suppresses any increase
in etching rate on the bonding interface.

After that, as 1n the first embodiment, a thermal oxide film
441, silicon nitride film 442, and resist mask 443 are formed.

The silicon mitride film 442 and thermal oxide film 441 are
selectively removed. Then, the resist mask 443 1s removed.

Next, as shown in FIG. 4A, part of an active-layer-side
substrate 420 and part of the silicon oxide films 421 and 411
are removed using the silicon nitride film 442 as a mark.
More specifically, the active-layer-side substrate 420 1is
selectively etched by down flow (chemical-dry) etching.
Subsequently, the silicon oxide films 421 and 411 are
selectively etched to a position where the bonding interface
1s mcluded, 1.e., to a halfway position of the silicon oxide
film 411. In this process, since the bonding annealing
temperature at the bonding interface between the oxide films
1s higher than that 1n the first embodiment by about 100° C.,
no recess 1n the lateral direction 1s formed in the BOX layer.

Subsequently, as i1n the first embodiment, a sidewall
insulating film 445 made of silicon nitride 1s formed on the
side surface portion of the active-layer-side substrate 420, as
shown 1n FIG. 4B. Then, as shown in FI1G. 4C, the remaining
portion of the silicon oxide film 411 1s removed.

As shown in FIG. 4D, a single-crystal S1 layer 447 1s
formed only on the surface of a support-side substrate 410.
The single-crystal S1 layer 447 can be formed 1n accordance
with the same procedure as in the first embodiment. More
specifically, after an amorphous Si layer 1s formed on the
entire surface, the amorphous S1 layer 1s crystallized. Then,
the silicon on the silicon nitride film 442 1s removed by
polishing or etching using a solution mixture of hydrotluoric
acid and nitric acid.

As shown 1n FIG. 4E, after the silicon nitride films 442
and 445 and silicon oxide film 441 on the active-layer-side
substrate 420 are removed, a new thermal oxide film 149 is
formed. With the above process, an element formation
substrate having both an SOI region and a high-quality
non-SOI region can be manufactured.

Fifth Embodiment

FIG. 5 1s a sectional view showing the structure of an
clement formation substrate according to the fifth embodi-

ment. Reference numerals 510 to 549 in FIG. 3 correspond
to reference numerals 110 to 149 1n FIGS. 1A to 1.

The fifth embodiment 1s different from the above-de-
scribed first embodiment in that a polysilicon layer 350 1s
inserted between silicon oxide films 511 and 521 in substrate
bonding.

In the process shown 1n FIG. 1A of the first embodiment,
the silicon oxide films 511 and 3521 each having a thickness
of 0.1 um or less are formed on the substrate surfaces of both
ol an active-layer-side substrate 520 and support-side sub-
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strate 510 by, e.g., thermal oxidation, as shown 1n FIG. 5.
The polysilicon layer 550 1s formed on at least one of the
silicon oxide films.

After that, the major surfaces of the two substrates 510
and 520 are brought into tight contact with each other,
thereby bonding one of the silicon oxide films 511 and 521
to the polysilicon layer 550 at room temperature. Then,
bonding annealing 1s performed at about 1,100° C. to
increase the bonding strength. Subsequent processes are the
same as 1n the first embodiment.

Even with the above process, the obtained structure 1s
almost the same as in the first embodiment except that the
polysilicon layer 550 1s present between the silicon oxide
films 511 and 521. Hence, the same ellect as in the first
embodiment can be obtained.

The significance of the element formation substrates of
the above embodiments will be described next. FIG. 6 shows
results obtained by forming a TEG (Test Element Group) for
oxide film breakdown voltage elevation 1 each of the
non-SOI regions of partial SOI watlers prepared in the first
to fifth embodiments and evaluating their breakdown volt-
ages. “Breakdown voltage C+mode™ 1s equivalent to “intrin-
sic breakdown voltage™, 1.e., the breakdown voltage based
on the quality of an oxide film itself. That 1s, it means that
an oxide film 1tself breaks due to not an extrinsic degradation
but an intrinsic reason.

FIG. 7 shows results obtained by forming about 9,000 pn
junctions 1n an 8-1nch water surface, applying a reverse bias
to the pn junctions, and evaluating their junction leakage
characteristics. “High leakage” indicates that a leakage
current larger than a standard leakage current by two or more
orders ol magnitudes tlows at a certain bias.

As compared to the prior art, all the partial SOI wafers
according to the embodiments have higher breakdown volt-
ages than a conventional partial SOI water. This 1s probably
because the non-SOI regions of the partial SOI waters of the
embodiments have few crystal defects and few metal 1mpu-
rities that may generate a leakage current. Hence, when the
partial SOI waters of the embodiments are used, semicon-
ductor devices having a higher quality than the prior art can
be manufactured.

FIG. 8 shows an example of a semiconductor device
formed on a partial SOI waler manufactured in the first
embodiment. A logic element 1s formed 1n an SOI region
made of an active-layer-side substrate 820 bonded to a
support-side substrate 810 via oxide films 811 and 821. A
DRAM 1s formed 1n a non-SOI region where a single-crystal
S1 layer 847 1s formed on the support-side substrate 810.

Referring to FIG. 8, reference numeral 830 denotes a
foreign substance; 845, a silicon nitride film; 861 and 871,
gate electrodes; 862 and 872, gate oxide films; 863 and 873,
source/drain diffusion layers; 864 and 874, element 1solation
isulating films; 875, a capacitor electrode serving as a
storage node; 876, a diflusion layer which connects the
source/drain to the capacitor electrode; 877, a nitride film
which 1nsulates and 1solates the capacitor electrode from the
substrate; 878, a capacitor msulating film; and 879, a dif-
fusion layer serving as a common electrode of the capacitor.

When a logic element 1s formed 1n the SOI region, the
performance of the logic element can be increased. When a
DRAM 1s formed 1n the non-SOI region, a leakage current
due to circuit operation or a variation in characteristic such
as a threshold value can be suppressed. That 1s, both the
logic element and the DRAM can be formed in optimum
regions, and a high-performance LSI with the logic element
and DRAM integrated on a single semiconductor chip can
be implemented.

The present invention i1s not limited to the above-de-
scribed embodiments. The etching depth to partially remove
the active-layer-side substrate 1s not limited to a haltway
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depth of the oxide film on the support-side substrate surface
or a haltway depth of the oxide film on the active-layer-side
substrate. Etching may reach the interface between the oxide
films. Each of the thickness of the oxide film formed on the
surface of the support-side substrate and the thickness of the
oxide film formed on the surface of the active-layer-side
substrate can appropriately be set within the range 01 0.1 um
or less such that the total thickness becomes 0.2 um or less.
In the embodiment, a single-crystal Si layer 1s formed on the
support-side substrate by forming an amorphous S1 layer and
converting it to a single crystal. Instead, a polysilicon layer
may be formed and converted into a single crystal.

In the embodiments, silicon substrates are used as the first
and second single-crystal semiconductor substrates. How-
ever, any other semiconductor materials except silicon may
be used as the substrate material. In addition, various
changes and modifications can be made within the spirit and
scope of the present mvention.

Additional advantages and modifications will readily
occur to those skilled 1n the art. Therefore, the invention in

its broader aspects 1s not limited to the specific details and
representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive

concept as defined by the appended claims and their equiva-
lents.

What 1s claimed 1s:

1. A semiconductor substrate comprising;:

a first single-crystal semiconductor substrate including a
major surface having a first region and a second region
adjacent to the first region;

an oxide film formed on the major surface in the first
region, the oxide film including a first side surface
having a recess;

a second single-crystal semiconductor substrate formed
on the oxide film, the second single-crystal semicon-
ductor substrate including a second side surface being
continuous with the first side surface;

an 1sulating film formed on the second side surface;

a single-crystal semiconductor layer formed on the major
surface 1n the second region without the oxide film, the
single-crystal semiconductor layer including a third
side surface contacting the insulating film and facing
the first side surface; and

a non single-crystal silicon layer including amorphous
s1licon and polysilicon and disposed in the recess of the
first side surface.

2. A semiconductor substrate according to claim 1,
wherein the mnsulating film 1s essentially made of silicon
nitride.

3. A semiconductor device comprising:

a first single-crystal semiconductor substrate having a

major surface;

a first oxide film on the first single-crystal semiconductor
substrate;

a second single-crystal semiconductor substrate having
formed thereon a second oxide film, wherein the sec-
ond single-crystal semiconductor 1s bonded to part of
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the major surface of the first single-crystal semicon-
ductor substrate via the first and second oxide films, the
first and second oxide films being 1n contact with each
other, and the second oxide film being provided
between the first oxide film and the second single-
crystal semiconductor substrate;

a sidewall msulating film formed on a side surface of the
second single-crystal semiconductor substrate;

a single-crystal semiconductor layer formed on a remain-
ing portion of the major surface of the first single-
crystal semiconductor substrate;

a first device which 1s formed on a side of the second
single-crystal semiconductor substrate and 1s compat-
ible with a substrate floating eflect; and

a second device which 1s formed on a side of the single-
crystal semiconductor layer and 1s incompatible with
the substrate floating eflect.

4. A substrate according to claim 3, wherein the first
device 1s a logic circuit element, and the second device 1s a
DRAM element.

5. A semiconductor device comprising:

a first single-crystal semiconductor substrate having a

major surface;

a first oxide film on the first single-crystal semiconductor
substrate;

a second single-crystal semiconductor substrate having
formed thereon a second oxide film, wherein the sec-
ond single-crystal semiconductor substrate 1s bonded to
part of the major surface of the first single-crystal
semiconductor substrate via the first and second oxide
films, the first and second oxide films being in contact
with each other, and the second oxide film being
provided between the first oxide film and the second
single-crystal semiconductor substrate;

a sidewall msulating film formed on a side surface of the
second single-crystal semiconductor substrate;

a single-crystal semiconductor layer formed only on a
remaining portion of the major surface of the first
single-crystal semiconductor substrate;

a first device which 1s formed on a side of the second
single-crystal semiconductor substrate and 1s compat-
ible with a substrate floating eflect; and

a second device which 1s formed on a side of the single-
crystal semiconductor layer and 1s incompatible with
the substrate floating eflect.

6. A semiconductor substrate according to claim 1,
wherein the insulating film 1s formed on the first side
surface, and the non single-crystal silicon layer i1s formed
between the msulating film formed on the portion of the first
side surface 1n the recess and the third side surface of the
single-crystal semiconductor layer.

7. A semiconductor substrate according to claim 1,
wherein the, first side surface includes a non-recess portion
facing the third side surface via a portion of the insulating
film without the non single-crystal silicon layer.
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